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I. Synthetic Procedures
Methyl 2,3-dihydroxybenzoate, 2. A stirred suspension of 1 (8.06 g, 52.3 mmol) in 100 ml of methanol was treated with 2.00 ml of concentrated sulfuric acid. The suspension warmed and clarified 2 minutes after the addition. The reaction was equipped with a reflux condenser and was heated to 65ºC overnight. The next morning the conversion was verified by LC-MS and the volatiles were removed under reduced pressure. The crude was partitioned between water (100 ml) and ethyl acetate (100 ml) and the aqueous layer was extracted with ethyl acetate (3x50 ml). The organic extracts were combined, dried over MgSO 4 , and concentrated under reduced pressure. The crude was passed through a plug of silica using 10% ethyl acetate in hexanes as eluent. The eluent was concentrated under reduced pressure and dried under high vacuum for two hours to yield 2 (7.66 g, 45.6 mmol, 88%) as a white solid, the spectral properties of which matched previous reports. 1
Methyl 2,2-diphenylbenzo[d][1,3
]dioxole-4-carboxylate, 3. 2 (5.00 g, 29.7 mmol) was mixed with dichlorodiphenylmethane (8.56 ml, 44.6 mol) under an argon atmosphere, the resulting suspension was stirred and heated to 160ºC for one hour. The mixture was allowed to cool to room temperature and was diluted with 100 ml of ethyl acetate. The solution was washed with sat. NaHCO 3 (30 ml) then brine (30 ml), dried over MgSO 4 , then concentrated under reduced pressure. The ensuing greyish oil was dissolved in 30 ml of hot methanol (65ºC) and was slowly cooled to 5ºC, which resulted in the formation of white crystals. The crystals were a mixture of 3 and benzophenone dimethyl acetal that could not be easily separated; product was used as is for the subsequent step.
2,2-diphenylbenzo[d][1,3]dioxole-4-carboxylic acid, 4.
The mixture from the previous step was dissolved in 100 ml of THF and was treated with 100 ml of 0.9 M LiOH. The emulsion was rapidly stirred and heated to reflux for five hours. Conversion was verified by LC-MS and the reaction was cooled to room temperature. The solution was neutralized with 10 % v/v aqueous acetic acid and was extracted with ethyl acetate (3x50 ml). The organic extracts were combined, dried over MgSO 4 , and concentrated under reduced pressure. The crude was chromatographed using 25% ethyl acetate in hexanes as eluent. Volatiles were then removed under reduced pressure followed by high vacuum to yield 4 (7.6 g, 24.06 mmol, 81% over two steps) as a white solid, the spectral properties of which matched previous reports. Under an argon atmosphere, 2,3-dimethoxybenzoic acid (7, 550 mg, 3.02 mmol) was dissolved in toluene (5 mL), treated with (COCl) 2 (272 µL, 3.17 mmol) and cat. N,N-dimethylformamide, and stirred at 40C for 1 hour. The volatiles were then removed on the manifold vacuum and the resulting brown oil was treated with 6 (900 mg, 1.37 mmol) as a solution in 10 mL dry tetrahydrofuran and triethylamine (440 µL, 3.17 mmol). The resulting mixture was stirred at 50C for 3 hours. Upon cooling to room temperature the solids were filtered off and volatiles were removed under reduced pressure to yield a crude orange oil. The crude product was chromatographed on silica using 5% methanol in dichloromethane as eluent (R f = 0.35). The desired fractions were concentrated on a rotary evaporator and stripped of volatiles on the manifold vacuum to yield 8 as a solid white foam (841 mg, 0.854 mmol, 62 % yield). 1 -1,4-diylbis((2,3-dihydroxybenzoyl)azanediyl) )bis(propane-3,1-diyl))bis(1-hydroxy-6-oxo-1,6-dihydropyridine-2-carboxamide), 9. 8 (530 mg, 0.538 mmol) was dissolved in 10 mL of dichloromethane and was treated with boron tribromide (510 µL, 5.38 mmol). The reaction was capped and stirred overnight at 50C. The excess reagent was then quenched by slow addition of 10 mL of methanol. The solvent was then removed on a rotary evaporator and the residue dissolved in 21 mL of water with a minimal amount of acetonitrile to obtain a clear solution. The product containing solution was then purified on preparative HPLC using a gradient of 10  30 % acetonitrile in water + 0.1 % trifluoroacetic acid in 3 portions. The fractions containing the product were combined and stripped of trifluoroacetic acid on a GeneVac evaporator. The water was removed by lyophilization yielding 9 as a fluffy while solid (128 mg, 0.171 mmol, 32 % yield). 1 .08 mmol) with cat. N,N-dimethylformamide, and was stirred at 40C for 1 hour. Volatiles were then removed on the manifold vacuum and the resulting brown oil was dissolved in tetrahydrofuran (10 mL) and treated with 10 (901 mg, 1.70 mmol) in a solution of 10 mL dry tetrahydrofuran and triethylamine (566 µL, 4.08 mmol). The resulting mixture was stirred at 50C for 3 hours. The volatiles were then removed under reduced pressure and the residue was suspended in ethyl acetate. The suspension was transferred into a separatory funnel and was washed with 1.0 M aq. HCl (15 mL x 3) followed by 1.0 M aq. NaOH (3x15 mL). The organic phase was dried over MgSO 4 and concentrated on a rotary evaporator. The resulting crude was purified by column chromatography using 5% methanol in dichloromethane as eluent (R f = 0.40). The desired fractions were combined, concentrated on a rotary evaporator, and dried under vacuum yielding 11 as a solid white foam (837 mg, 0.850 mmol, 50% yield). 1 N-(3-(2,3-dihydroxybenzamido) propyl)-1-hydroxy-6-oxo-1,6-dihydropyridine-2-carboxamide), 12. 11 (599 mg, 0.608 mmol) was dissolved in 10 mL of dichloromethane and treated with boron tribromide (577 µL, 6.08 mmol). The reaction was capped and stirred overnight at 50C. The next day the excess reagent was quenched by slowly adding 10 mL of methanol. The solvent was then removed on a rotary evaporator and the residue was dissolved in 21 mL of water with a minimal amount of acetonitrile to obtain a clear solution. The product containing solution was then purified on preparative HPLC using a gradient of 10  30 % acetonitrile in water + 0.1 % trifluoroacetic acid in 3 portions. The fractions containing the product were combined and stripped of trifluoroacetic acid on a GeneVac evaporator. The water was removed by lyophilization yielding 12 as a fluffy while solid (142 mg, 0.190 mmol, 31% yield). 1 Most peptoids had peak maxima between 20 and 40 minutes, methods were typically terminated once the target material was collected. The column was flushed with 50/50 solvent composition for 5 minutes and equilibrated to initial condition for at least 20 minutes before every injection; insufficient equilibration leads to low column loading and very low yields. Peptoids with higher CAM compositions tended to be less polar and thus came out later than HOPO-heavy analogs. 
II. LC and MS Spectra of Peptoids and Ln(III)-Peptoid Complexes
Peptoid LC-MS of purified peptoids:
LC traces of peptoids A@320. Ion counts along the entire peak including shoulders were used to generate mass spectra. Spectra were obtained in negative mode on an Agilent 6530 mass spectrometer. MS labels from left to right. 
V. Luminescence Data Triplet-State Deconvolution
The triplet-state of (15) CCCC and (16) HHHH was deconvoluted by fitting the phosphorescence spectra of the respective gadolinium complexes with Gaussian curves. The resulting Gaussian curves were then used to model peptoids (1) All the following spectra were acquired at 0.5 nm increments with 1 nm emission and excitation slits and a three second integration time. Spectral data for complexes of peptoids (11) and (14) did not show anything above background in high resolution mode. Data were not acquired for peptoids (6) and (15) as (6) 
Quantum Yield
Quantum yields were determined by the optical dilution method 2 using quinine sulfate as a reference and equation S1. The subscripts r and s refer to the reference quinine sulfate and the investigated sample, respectively. The variable A is absorbance at wavelength λ, I is intensity of the excitation light λ, n is index of refraction, and D is the integrated emission intensity. Both indexes of refraction were assumed to be equivalent as both samples were aqueous. Likewise, the intensities of the excitation wavelength were taken to be identical since the same excitation wavelengths (318 nm for Tb:3,4,3-LI(CHHC) and 347 nm for Eu:HHCH (4)) were used for a given r and s. Therefore, plotting the integrated intensity against absorbance yields a slope that can be equated to the quantum yield, . By using the reported quantum yield of quinine sulfate ( r = 0.546) and taking the ratio of the slopes and quantum yield for s and r, the quantum yield of the sample was determined. A representative plot for Tb:3,4,3-LI(CHHC) and Eu:HHCH (4) is reported in Figure S30 . Only the slope was used since the y-intercept was at least two-orders of magnitude lower than the slope.
(S1) 2.7/1. 
VI. Solution Thermodynamics
All spectral data acquired for protonation and stability constants were imported to HypSpec 4 for a nonlinear least-squares fitting. An equilibrium constant is defined as a cumulative formation constant according to equation S2, where m, l, and h are the stoichiometric coefficients of the metal (M), ligand (L), and proton (H), respectively. Spectra were corrected by a dilution factor when applicable and modeled at the initial metal and ligand concentration of the sample. The absorbance spectra for each of the protonated states of a species were assumed to be sufficiently different to allow for deconvolution via HypSpec. Each HOPO and CAM unit provides either one or two acidic hydrogen atoms, respectively, to the ligand thus protonation equilibria were modeled accordingly. The pK a of the investigated ligands were determined and are found in Table S3 . Metal hydrolysis products (from NIST database) 5 and protonation constants were incorporated into the model to refine the values where the metal was present (i.e. m = 1). Cumulative formation constants (β mlh ) for Eu 3+ complexes were modeled by three (β 110 , β 111, β 112 ) and two (β 110 , β 111 ) species, respectively, for data from spectrophotometric titrations . The only fluorescently active species in the batch titrations involving 3,4,3-LI(HCCH) at pH 7.4 was assumed to be Eu:3,4,3-LI(1,2-HOPO), based on previous characterization of the Eu(III) complex, and the protonated 3,4,3-LI(HCCH) europium complex (i.e. β 111 ).
; (S2) All samples were buffered in 50 mM HEPES at pH 7.4, held at 0.1 M ionic strength (KCl supporting electrolyte), and incubated at 25ºC. Samples were excited at 318 nm and data was refined using the HypSpec software package. 
